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n Structural similarity between TAFs and the
heterotetrameric core of the histone octamer. Xiaoling
Xle, Tetsuro Kokubo, Steven L Cohen, Urooj A Mirza,
Alexander Hoffmann, Brian T Chait, Robert G Roeder,
Yoshihiro Nakatani and Stephen K Burley (1996). Nature
380, 316–322.
TAFs are proteins that associate with the DNA-binding
subunit of TFIID, providing binding sites for transcriptional
activators. A complex between two Drosophila TAFs is
described at 2.0 Å resolution. The N-terminal portions of
TAFII42 and TAFII62 adopt the canonical histone fold,
consisting of two short a helices flanking a long central a helix.
Like histones H3 and H4, TAFII42 and TAFII62 form an
intimate heterodimer by extensive hydrophobic contacts
between the paired molecules. In solution and in the
crystalline state, the dTAFII42/dTAFII62 complex exists as a
heterotetramer that resembles the (H3/H4)2 heterotetrameric
core of the histone octamer, suggesting that TFIID contains a
histone-octamer-like substructure.
28 March 1996, Nature
n Structural basis of calcium induced E-cadherin
rigidification and dimerization. Bhushan Nagar, Michael
Overduln, Mitsuhiko Ikura and James M Rini (1996). Nature
380, 360–364.
The cadherins mediate cell adhesion in a calcium-dependent
manner. They typically consist of five tandemly repeated
extracellular domains, a single membrane-spanning segment
and a cytoplasmic region. The X-ray crystal structure at 2.0 Å
resolution of the two N-terminal extracellular domains of
epithelial cadherin (E-cadherin) reveals a twofold symmetric
dimer, each molecule of which binds a contiguous array of
three bridged calcium ions. The dimer contacts are quite
different from those observed in the previously determined
crystal structure of neural cadherin, and it is unlikely that both
structures represent the in vivo species.
28 March 1996, Nature
n The crystal structure of the complex of blood
coagulation factor VIIa with soluble tissue factor. David
W Banner, Allan D’Arcy, Christiane Chène, Fritz K Winkler,
Arabinda Guha, Willian H Konigsberg, Yale Nemerson and
Daniel Kirchhofer (1996). Nature 380, 41–46.
Blood coagulation is initiated when tissue factor binds to
coagulation factor VIIa to give an enzymatically active complex
which then activates factors IX and X, leading to thrombin
generation and clot formation. The authors determined the
crystal structure at 2.0 Å resolution of active-site-inhibited
factor VIIa complexed with the cleaved extracellular domain of
tissue factor. In the complex, factor VIIa adopts an extended
conformation. This structure provides a basis for understanding
many molecular aspects of the initiation of coagulation.
7 March 1996, Nature
n Crystal structure and mutational analysis of the human
CDK2 kinase complex with cell cycle-regulatory protein
CksHs1. Yves Bourne, Mark H Watson, Michael J Hickey,
William Holmes, Warren Rocque, Steven I Reed and John
A Tainer (1996). Cell 84, 863–874.
Cell cycle progression is regulated by the activity of cyclin-
dependent kinases (Cdks). These Cdks consist of ≈34 kDa
catalytic subunits associated with essential cyclin-regulatory
subunits. Besides both positive and negative regulation by
phosphorylation and binding of cyclins and Cdk-inhibitory
proteins, Cdks interact with a class of cell-cycle-regulatory
proteins (the Cks proteins) represented by Cks1 (Cdc28 kinase
subunit) in Saccharomyces cerevisiae and suc1 (suppressor of cdc2
temperature sensitive mutations) in Schizosaccharomyces pombe.
The 2.6 Å crystal structure for human cyclin-dependent kinase
2 (CDK2) in complex with CksHs1, a human homolog of suc1
and Cks1, reveals that CksHs1 binds via all four b strands to
the kinase C-terminal lobe. This interface, despite being far
from the CDK2 N-terminal lobe, cyclin, and regulatory
phosphorylation sites, is shown by mutational analysis to be
biologically critical. CKsHs1 exhibits two distinct
conformations: a single domain fold and a b-interchanged
dimer. CDK2 binds the single-domain conformation and
interacts with conserved hydrophobic residues in their closed
b-hinge-motif conformation. The b hinge opening, to form the
CksHs1 b-interchanged dimer, sterically precludes CDK2
binding, providing a possible mechanism for regulating
CDK2–CksHs1 interactions.
22 March 1996, Cell
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n Structural basis for the autoinhibition of
calcium/calmodulin-dependent protein kinase I.
Jonathan Goldberg, Angus C Nairn and John Kuriyan
(1996). Cell 84, 875–887.
Calcium/calmodulin-dependent protein kinases regulate
diverse cellular processes, including neurotransmitter release,
muscle contraction, gene expression and cell proliferation.
These kinases are autoinhibited in the resting state (low
intracellular calcium concentration) by a regulatory segment
that follows the catalytic domain. The prevailing hypothesis
regarding the mechanism of this inhibition is that the
inhibitory region is a ‘pseudosubstrate’ that mimics a peptide
target of the enzyme and thereby blocks the substrate-binding
site. The crystal structure of calcium/calmodulin-dependent
protein kinase I has been determined in the autoinhibited
form. The C-terminal end of the regulatory region forms a
helix-loop-helix that extends across the two domains of the
catalytic core, making multiple inhibitory interactions.
Elements of the first regulatory a helix and the loop interfere
with the binding site for peptide substrates, while the loop and
the second helix interact with the ATP-binding domain to
induce conformational changes that obstruct the nucleotide-
binding pocket. One part of the calmodulin recognition
element protrudes away from the catalytic domain and is
potentially available for an initial interaction with calmodulin.
22 March 1996, Cell
n Crystal structure of the DNA-binding domain of the
Epstein-Barr virus origin-binding protein, EBNA1,
bound to DNA. Alexey Bochkarev, Jean A Barwell, Richard
A Pfuetzner, Elena Bochkareva, Lori Frappier and Aled M
Edwards (1996). Cell 84, 791–800.
The Epstein Barr virus nuclear antigen 1 (EBNA1) protein
binds to and activates DNA replication from oriP, the latent
origin of DNA replication in Epstein-Barr virus. The crystal
structure of the DNA-binding domain of EBNA1 bound to an
18 bp binding site was solved at 2.4 Å resolution. EBNA1
comprises two domains, a flanking and a core domain. The
flanking domain, which includes a helix that projects into the
major groove and an extended chain that travels along the
minor groove, makes all of the sequence-specific contacts with
the DNA. The core domain, which is structurally homologous
to the complete DNA-binding domain of the bovine papilloma
virus E2 protein, makes no direct contacts with the DNA
bases. A model for origin unwinding is proposed that
incorporates the known biochemical and structural features of
the EBNA1–origin interaction.
8 March 1996, Cell
n Structure of the mosquitocidal d-endotoxin CytB from
Bacillus thuringiensis sp. kyushuensis and implications
for membrane pore formation. Jade Li, Pandelakis A Koni
and David J Ellar (1996). J. Mol. Biol. 257, 129–152.
The d-endotoxins from Bacillus thuringiensis are insecticidal
proteins that kill by making pores in the epithelial cell
membrane of the insect midgut. They are typically synthesized
as a parasporal crystal comprising subunits of a protoxin which
is ingested by the insects. Proteolytic cleavage then converts
the protoxin into its active form. The d-endotoxin CytB from
Bacillus thuringiensis subspecies kyushuensis is lethal to the larvae
of Dipteran insects and broadly cytolytic in vitro. The 2.6 Å
crystal structure of CytB in the protoxin form reveals a single
domain of a/b architecture. This shows a novel connectivity,
comprising two outer layers of a-helix hairpins wrapped around
a mixed b sheet. In this form, CytB is a dimer linked by
intertwined N-terminal strands in a continuous, 12-stranded 
b sheet. After proteolytic cleavage, a conformational change is
postulated in which the sheet region rearranges to form an
oligomeric transmembrane pore.
22 March 1996, Journal of Molecular Biology
n Reconciliation of the X-ray and NMR structures of the
thrombin-binding aptamer d(GGTTGGTGTGGTTGG).
Jennifer A Kelly, Juli Feigon and Todd O Yeates (1996).
J. Mol. Biol. 256, 417–422.
The thrombin-binding aptamer d(GGTTGGTGTGGTTGG)
is one of a family of DNA oligonucleotides that were identified
by in vitro selection to bind specifically and with high affinity to
thrombin. Two groups have independently determined the
tertiary structure of this aptamer in solution by NMR. At about
the same time, the X-ray crystal structure of the aptamer in
complex with thrombin was reported. In all cases, the thrombin-
binding aptamer was found to fold into a structure containing
two planar guanine quartets as its core; however the NMR and
crystal structures, have fundamentally different folding patterns
owing to differences in the way these central bases are
connected. The authors discuss the distinctions between the
refined crystal and solution structures and show that the NMR
model is consistent with the X-ray diffraction data.
1 March 1996, Journal of Molecular Biology
n Crystal structures of the human p56lck SH2 domain in
complex with two short phosphotyrosyl peptides at 
1.0 Å and 1.8 Å resolution. Liang Tong, Thomas C
Warren, Josephine King, Raj Betageri, Janice Rose 
and Scott Jakes (1996). J. Mol. Biol. 256, 601–610.
The protein tyrosine kinase p56lck is a member of the src
family and is involved in T-cell activation. The authors present
the crystal structure of the SH2 domain of human p56lck in
complex with the short phosphotyrosyl peptide
Ac–pTyr–Glu–Glu–Ile (pYEEI peptide), at 1.0 Å resolution.
This atomic resolution is considerably higher than has been
achieved for any other SH2 domain structure and reveals that
Arg134, which interacts with the phosphotyrosine side chain, is
present in two conformations in the complex. In addition, the
structure at 1.8 Å resolution of the complex with the
phosphotyrosyl peptide Ac–pTyr–Glu–Glu–Gly (pYEEG
peptide), which is 11-fold less potent in binding, shows
another binding mode for the pTyr+3 residue as well as
rearrangements of the side chain of Arg196 and one of the
water molecules at the base of the pTyr+3 pocket.
1 March 1996, Journal of Molecular Biology
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n Crystal structure of the RNA binding ribosomal protein
L1 from Thermus thermophilus. S Nikonov, N Nevskaya,
I Eliseikina, N Fomenkova, A Nikulin, N Ossina, M Garber, 
B-H Jonsson, C Briand, S Al-Karadaghi, A Svensson, 
A Ævarsson and A Liljas (1996). EMBO J. 15, 1350–1359.
L1 is one of the largest ribosomal proteins and is located on a
side protuberance (often referred to as the L1 protuberance)
opposite the L7/L12 stalk of the 50S ribosomal subunit. L1 has
a dual function as a ribosomal protein binding rRNA and as a
translational repressor binding mRNA. The crystal structure of
L1 from Thermus thermophilus has been determined at 1.85 Å
resolution. The protein is composed of two domains with the
N and C termini in domain I. The eight N-terminal residues
are very flexible. Proteolysis experiments have shown that the
N-terminal tail is accessible and important for 23S rRNA
binding. Most of the conserved amino acids that probably form
the  specific RNA binding site are situated at the interface
between the two domains. Limited non-covalent contacts
between the domains indicate an unstable domain interaction
in the present conformation and RNA binding by induced fit.
15 March 1996, The EMBO Journal
n Structure of a dehydratase-isomerase from the
bacterial pathway for biosynthesis of unsaturated fatty
acids: two catalytic activities in one active site. Minsun
Leesong, Barry S Henderson, James R Gillig, John M
Schwab and Janet L Smith (1996). Structure 4, 253–264.
Escherichia coli b-hydroxydecanoyl thiol ester dehydrase
(dehydrase) is essential to the biosynthesis of unsaturated fatty
acids, by shunting a 10-carbon intermediate from the saturated
fatty acid pathway into the unsaturated fatty acid pathway.
Dehydrase catalyzes reactions of dehydration and of double-
bond isomerization on 10-carbon thiol esters of acyl carrier
protein (ACP). Crystal structures at 2.0 Å resolution for free
dehydrase and for the enzyme modified by its classic,
mechanism-based inactivator, 3-decynoyl-N-acetylcysteamine,
have been determined. Dehydrase is a symmetric dimer with
an unusual a+b ‘hot dog’ fold. Each of the two independent
active sites of the dimer is located between the two subunits of
the enzyme, and is a tunnel-shaped pocket completely isolated
from the general solvent. A two-base mechanism by which a
histidine and aspartic acid residue together catalyze
dehydration and isomerization reactions is consistent with the
active-site structure. 
15 March 1996, Structure
n The crystal structure of endoglucanase CelA, a family 8
glycosyl hydrolase from Clostridium thermocellum.
Pedro M Alzari, Hélène Souchon and Roberto Dominguez
(1996). Structure 4, 265–275.
Cellulases catalyze the hydrolysis of glycosidic bonds in
cellulose. Endoglucanase CelA is a member of glycosyl
hydrolase family 8, a family for which no structural information
was previously available. The 1.65 Å crystal structure of CelA
reveals a regular (a/a)6 barrel formed by six inner and six outer
a helices. Cello-oligosaccharides bind to an acidic active-site
cleft. The architecture of this cleft, presenting at least five
glucosyl-binding subsites, explains why family 8 cellulases
cleave cello-oligosaccharide polymers that are at least five
D-glucosyl subunits long. 
15 March 1996, Structure
n Crystal structure of firefly luciferase throws light on a
superfamily of adenylate-forming enzymes. Elena Conti,
Nick P Franks and Peter Brick (1996). Structure 4, 287–298.
Firefly luciferase is a 62 kDa protein that catalyzes the production
of light. The 2.0 Å crystal structure shows that the protein is
folded into two compact domains. The large N-terminal
domain consists of a b barrel and two b sheets. The sheets are
flanked by a helices to form an ababa five-layered structure.
The C-terminal portion of the molecule forms a distinct domain
and this is separated from the N-terminal domain by a wide
cleft. Implications for the mechanism of action are discussed.
15 March 1996, Structure 
l How coenzyme B12 radicals are generated: the crystal
structure of methylmalonyl-coenzyme A mutase at 2 Å
resolution. Filippo Mancia, Nicholas H Keep, Atsushi
Nakagawa, Peter F Leadlay, Sean McSweeney, Bjarne
Rasmussen, Peter Bösecke, Olivier Diat and Philip R Evans
(1996). Structure 4, 339–350.
The enzyme methylmalonyl-coenzyme A (CoA) mutase, an 
ab heterodimer of 150 kDa, is a member of a class of enzymes
that uses coenzyme B12 (adenosylcobalamin) as a cofactor. This
paper reports the crystal structure at 2 Å resolution of
methylmalonyl-CoA mutase from Propionibacterium shermanii in
complex with coenzyme B12 and with the partial substrate
desulpho-CoA. The enzyme consists of two domains: a
flavodoxin-like domain which binds B12 and an (a/b)8 TIM
barrel domain which binds the substrate. The cobalt atom of
B12 coordinates a histidine residue from the protein via a long
bond. The implications of the structure for the catalytic
mechanism are discussed.
15 March 1996, Structure
n Solution structure of prokaryotic ribosomal protein S17
by high-resolution NMR spectroscopy. T N Jaishree, 
V Ramakrishnan and Stephen W White (1996).
Biochemistry 35, 2845–2853.
S17, one of the smaller ribosomal proteins, is a primary rRNA
binding protein that recognizes specific sequences on the
rRNA and participates in its folding. It is located towards the
‘bottom’ of the small subunit in a region that is relatively free
of other protein components. The NMR solution structure of
n See the Minireview article by Thomas O Baldwin in the 15 March issue of Structure (volume 4:223–228).
l See the Minireview article by Martha L Ludwig, Catherine L Drennan and Rowena G Matthews 
in this issue of Structure (volume 4:505–512).
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S17 reveals a single twisted antiparallel b-pleated sheet with
Greek-key topology. The five b strands are connected by
extended flexible loops. Two of these loops contain residues
that have been implicated in binding ribosomal RNA. The
location and distribution of these residues suggest an
interaction with two distinct regions of ribosomal RNA.
5 March 1996, Biochemistry
s Crystal structure of the lactose operon repressor and
its complexed with DNA and inducer. Mitchell Lewis,
Geoffrey Chang, Nancy C Horton, Michele A Kercher,
Helen C Pace, Maria A Schumacher, Richard G Brennan
and Ponzy Lu (1996). Science 271, 1247–1254.
The lac operon of Escherichia coli is the paradigm for gene
regulation. Its key component is the lac repressor, a product of
the lacI gene. The three-dimensional structures of the intact
lac repressor, the lac repressor bound to the gratuitous inducer
isopropyl-b-D-1-thiogalactoside (IPTG) and the lac repressor
complexed with a 21-base-pair symmetric operator DNA have
been determined. These three structures show the
conformation of the molecule in both the induced and
repressed states and provide a framework for understanding a
wealth of biochemical and genetic information. The
crystallographic structure of the complex with DNA suggests
that the tetrameric repressor functions synergistically with
catabolite gene activator protein (CAP) and participates in the
quaternary formation of repression loops in which one
tetrameric repressor interacts simultaneously with two sites on
the genomic DNA.
1 March 1996, Science
n Crystal structure of the macrophage migration
inhibitory factor from rat liver. Mamoru Suzuki, Hiroshi
Sugimoto, Atsushi Nakagawa, Isao Tanaka, Jun Nishihira
and Masaharu Sakai (1996). Nat. Struct. Biol. 3, 259–266.
In response to invasion by a foreign body, T lymphocytes
mobilize at the infection site and secrete a large number of
protein mediators called lymphokines. The macrophage
migration inhibitory factor (MIF) was the first lymphokine
discovered. The 2.2 Å crystal structure of the MIF from rat
liver reveals a domain consisting of a four-stranded mixed 
b sheet and two antiparallel a helices. Unexpected similarities
were detected between this MIF and two kinds of isomerase,
and the possible biological implications are discussed.
March 1996, Nature Structural Biology
n Structural basis for the Root effect in haemoglobin.
Shankari E Mylvaganam, Celia Bonaventura, Joseph
Bonaventura and Elizabeth D Getzoff (1996). Nat. Struct.
Biol. 3, 275–283.
The remarkable ability of Root effect haemoglobins to pump
oxygen against high O2 gradients results from their extreme
pH sensitivity, which is characterized by dramatic reductions
in O2 affinity and cooperativity at acidic pH. The authors have
determined the 2 Å crystal structure of the ligand-bound
haemoglobin from Leiostomus xanthurus and suggest that the
molecular basis of the Root effect arises from a destabilization
of the quaternary R state. This hypothesis is discussed in an
accompanying article by MF Perutz (pp. 211–212).
March 1996, Nature Structural Biology
n X-ray structure of Streptococcus pneumoniae PBP2x, 
a primary penicillin target enzyme. S Pares, N Mouz, 
Y Pétillot, R Hakenbeck and O Dideberg (1996). Nat.
Struct. Biol. 3, 284–289.
All b-lactam antibiotics exert their biological effects by
interacting with a unique class of proteins, the
penicillin-binding proteins (PBPs). These membrane proteins
are involved in the biosynthesis of the murein or
peptidoglycan, a mesh-like structure that completely surrounds
the bacterial cell. The authors report the first three-
dimensional crystal structure of a high molecular weight PBP,
PBP2x of Streptococcus pheumoniae, at 3.5 Å resolution. The
molecule has three domains, the central domain being a
transpeptidase which is a suitable target for antibiotic
development: the enzymatic activity can be monitored in
response to trial compounds. The domain folds bear no
resemblance to any known structure, except for the central
domain which shows similarities to the active-site serine
b-lactamases, as predicted by sequence similarities.
March 1996, Nature Structural Biology
n A potent new mode of b-lactamase inhibition revealed
by the 1.7 Å X-ray crystallographic structure of the
TEM-1–BLIP complex. Natalie CJ Strynadka, Susan E
Jensen, Pedro M Alzari and Michael NG James (1996).
Nat. Struct. Biol. 3, 290–297.
b-Lactamases are employed by a wide spectrum of pathogenic
bacteria to cleave and inactivate penicillins and cephalosporins.
TEM-1 is a b-lactamase found in E.coli and BLIP is a potent
165 amino acid protein inhibitor of this enzyme. The structure
of TEM-1 b-lactamase complexed with BLIP has been
determined at 1.7 Å resolution. The two tandemly repeated
domains of BLIP form a polar, concave surface that docks onto
a predominantly polar, convex protrusion on the enzyme. The
ability of BLIP to adapt to a variety of class A b-lactamases is
most likely due to an observed flexibility between the two
domains of the inhibitor and to an extensive layer of water
molecules entrapped between the enzyme and inhibitor. The
accompanying paper by Strynadka et al. (Strynadka et al.,
pp. 233–239) compares the observed complex structure with
the results of a computer docking challenge taken up by six
groups who attempted to predict the structure of the complex
before completion of the experimental structure. All six groups
were able to predict the general mode of interaction between
the two proteins, with ‘best-ranked’ solutions having rms
deviations from the correct structure of 3–6 Å.
March 1996, Nature Structural Biology
s See the Minireview article by Robert T Sauer in the 15 March issue of Structure (volume 4:219–222).
